In previous papers (1, 2), it has been reported that in male rats the administration of morphine and also starvation caused a marked decrease in the activities of drug-metabolizing enzymes of liver microsomes for hexobarbital hydroxylation and aminopyrine N-demethyl ation, but this was not the case in female rats. On the other hand, the activities of drug metabolizing enzymes for aniline hydroxylation and zoxazolamine hydroxylation were not significantly altered in both sexes or even increased by the same treatments.
48 hours before sacrifice. In some experiments, the male rats were castrated 21 days before and treated with methyltestosterone (5 mg/kg, i.p.) for 10 days before sacrifice.
The preparation of microsomes was done as described in previous papers (16, 17) . The condition of incubation for the oxidation of drug was essentially the same as in a previous paper (17) . Incubation mixture consisted of 1 ml of the microsomal suspension equaivalent to 250 mg liver, 20 /2moles of glucose 6-phosphate, 10 ,"moles of AMP, 1.0 ,"mole of NADP, 1.5 units (one unit reduces 1 "mole NADP per minute) of glucose 6 phosphate dehydrogenase, 25 "moles of nicotinamide, 12.5 moles of MgC12, 0.7 ml of 0.2 M sodium phosphate buffer (pH 7.4), various substrates and water to a final volume of 2.5 ml. The concentrations of the substrates were 2 mm, except for hexobarbital and zoxazolamine which were 1.6 mm and 0.8 mM, respectively. The mixtures were incubated for 30 minutes (20 minutes for kinetic studies) under air at 37°C with constant shaking.
The hydroxylation of hexobarbital was assayed by the rate of disappearance of the substrate according to the method of Cooper and Brodie (18) . The N-demethylations of aminopyrine and meperidine were determined by the formation of formaldehyde according to the method of Nash (19) . The hydroxylation of aniline was measured by the amount of p-aminophenol formed by the method of Kato and Gillette (1) . The hydroxylation of zoxazolamine was determined by the disappearance of the substrate according to Conney et al. (20) .
Microsomal protein was measured according to the method of Lowry et al. (21) . Cytochrome P-450 and b5 contents were measured as described in previous papers (16, 17) . The difference spectra induced on addition of various drugs were measured as described in a previous paper (17) , with a Hitachi EPS-3T recording spectrophotometer with an integral sphere attachment. The concentrations of the substrates were 2 mm, except for zoxazolamine which was 1 mm. Microsomal NADPH oxidase and NADPH-cytochrome c reductase were determined by the method of Gillette et al. (22) and Williams and Kamin (23) , respectively. Microsomal NADPH-neotetrazolium reductase was determined as described in a previous paper (24) . RESULTS 1. Effect of morphine administration or starvation on microsomal protein, P-450 content and electron transport systems Neither administration of morphine nor starvation did cause any significant alteration Morphine was given subcutaneously 72, 48 and 24 hours before sacrifice at the doses of 30, 35 and 40 mg/kg, respectively.
The results represent means with S.E. from 8 to 16 rats. The figures in parentheses indicate the percentage differences from control rats. The asterisks denote the significant difference at pGO.05. of microsomal protein content, but P-450 content was decreased in morphine-treated male rats and increased in starved rats of both sexes (Table 1 ). The decrease in P-450 content in morphine-treated male rats has been reported by Clouet et al. (25) . The administration of morphine slightly decreased the activity of NADPH-neotetrazo lium reductase in male rats, but did not alter the activities of NADPH oxidase and NA DPH-cyt c reductase (Table 2) . On the other hand, the administration of morphine did not result in any significant alteration of three enzymic activities in female rats. The starvation did not cause significant alteration of three enzymic activities in liver microsomes of male rats, but increased significantly the activities of NADPH oxidase and NADPH cyt c reductase in female rats.
2. Effect of morphine administration or starvation on the hexobarbital-induced spectral change and hydroxylation The administration of morphine decreased the magnitude of spectral change induced by hexobarbital per mg microsomal protein and per mpmole P-450 in male rats, whereas the same treatment did not result in significant decrease in the spectral change in female rats (Table 3) . These results were consistent with observations obtained with the activity of hexobarbital hydroxylation in liver microsomes of morphine-treated rats. The magni tude of the spectral change per microsomal protein was not significantly altered by starva tion in male rats, but the magnitude per P-450 was decreased in fasted male rats. In contrast with male rats, the hexobarbital-induced spectral change and hexobarbital hy droxylation were not significantly altered in morphine-treated female rats ( Table 3 ).
The starvation increased the hexobarbital-induced spectral change as well as the activity of hexobarbital hydroxylation in female rats. These results thus indicate that the altera tions in the activity of hexobarbital hydroxylation by morphine treatment are related to those in hexobarbital-induced spectral change. It is of interest to note that the magnitude of hexobarbital-induced spectral change is androgen-dependent (15, 26) and the magni tude of the spectral change per P-450 is decreased by morphine treatment or starvation.
3. Effect of morphine administration or starvation on the aniline-induced spectral change and hydroxy lation As shown in Table 4 , the magnitude of the spectral change induced by aniline per microsomal protein was decreased in morphine-treated male rats, but the spectral change per P-450 was not significantly decreased. The starvation increased both the aniline induced spectral change and the hydroxylation of aniline in male rats. Similar results were observed in morphine-treated or starved female rats, but the increases in the spectral change and hydroxylation were somewhat higher in female rats than in male. It is of interest to note that the magnitude of aniline-induced spectral change is androgen independent (15, 26) and the magnitude of the spectral change per P-450 is not decreased by morphine treatment or starvation. The addition of aniline to microsomal suspension induces type II spectral change whereas hexobarbital induces type I spectral change (11 , 12) . It is, therefore, of interest to investigate whether the different results observed between the spectral change induced by hexobarbital and aniline in liver microsomes from morphine-treated and fasted rats are due to the difference in the type of spectral change or the magnitude of the androgen dependency. In the following experiments , thus, aminopyrine and zoxazolamine are used as the substrates. Aminopyrine and zoxazolamine both display type I spectral change (17) and the activity of aminopyrine N-demethylation is clearly dependent on the activity of androgen, whereas the activity of zoxazolamine hydroxylation is not clearly dependent on androgen (1, 4, 16, 27 ).
Effect of morphine administration or starvation on the aminopyrine-induced spectral change and N-demethylation
The administration of morphine decreased the magnitude of spectral change induced by aminopyrine per microsomal protein and per P-450 in liver microsomes of male rats , while the same treatment did not result in significant decrease in the spectral change in female rats (Table 5) . These results were consistent with observations obtained with the activity of aminopyrine N-demethylation in morphine-treated rats . The magnitude of the spectral change per microsomal protein was not significantly altered by starvation . in male rats, but the magnitude per P-450 was decreased in fasted rats . In contrast with male rats, the aminopyrine-induced spectral change and the activity of aminopyrine N demethylation were not significantly altered in morphine-treated female rats (Table 5 ).
The starvation increased the aminopyrine-induced spectral change as well as the activity of aminopyrine N-demethylation in female rats. These results thus indicate that the alterations in the activity of aminopyrine N-demethylation by morphine treatment are related to those in hexobarbital-induced spectral change. These observations on the spectral change induced by aminopyrine and N-demethylation of aminopyrine are identical with the results for hexobarbital. In further studies, similar results were obtained with meperidine. The N-demethy lation of meperidine is androgen-dependent and meperidine-induced spectral change belongs to the type I spectral change.
5. Effect of morphine administration or starvation on the zoxazolamine-induced spectral change and hydroxylation As shown in Table 6 , the magnitude of the spectral change induced by zoxazolamine per microsomal protein was slightly decreased in morphine-treated male rats, but the spectral change per P-450 was not decreased. The zoxazolamine hydroxylation per microsomal protein was not significantly decreased. The starvation increased both the zoxazolamine-induced spectral change and the hydroxylation of zoxazolamine. Similar results were observed in morphine-treated or starved female rats, but the increases in the spectral change and hydroxylation were somewhat higher in female rats than in male rats. It is of interest to note that the magnitude of zoxazolamine-induced spectral change per P-450 is androgen independent (15 , 26) and the magnitude of the spectral change is not decreased by morphine treatment or starvation .
6. The relationship between the activity of drug oxidations and the magnitude of the substrate-induced spectral changes
The hydroxylation of hexobarbital per the magnitude of hexobarbital-induced spectral change in rats of both sexes was not significantly altered by morphine treatment , while it was slightly decreased in fasted male rats (Table 7) . Similar results were obtained with aminopyrine. The hydroxylation of aniline per the magnitude of aniline-induced spectral change seemed to be slightly increased in morphine-treated or starved rats of both sexes, while the zoxazolamine hydroxylation per the spectral change was not altered .
It is of interest to note that there is no sex difference in the activities of drug oxidations per the spectral changes in morphine-treated or fasted rats. These results indicate that the alteration in the magnitude of spectral change is one of major factors for the alteration of the drug oxidations by morphine treatment or starvation .
7. Kinetic studies on the hexobarbital and aniline hydroxylations As shown in Fig. 1 , morphine administration to male rats decreased the Vmax value for the hexobarbital hydroxylation , while the Km value was increased and both the values for the aniline hydroxylation were not altered in morphine -treated male rate ( Fig . 2 and Table 8 ).
The Vmax value for the hexobarbital hydroxylation was decreased in fasted male rats, while the Km value was increased (Fig . 1) . The Vmax value for the aniline hydroxylation was increased, while the Km value was not altered in fasted rats ( Fig . 2 and Table 8 ). In further experiments, similar results observed in the hexobarbital hydroxyla tion were obtained with the aminopyrine N-demethylation . As reported in previous papers (15, 26) , the Km values for the hexobarbital hydroxy lation and aminopyrine N-demethylation are higher in female rats than in male and andro gen is assumed to be a responsible factor for the sex difference. The present results, there fore, indicate that the action of androgen to decrease the Km values for the hexobarbital hydroxylation and aminopyrine N-demethylation is impaired by morphine treatment or starvation as well as the Vmax values. The androgen independence in the Km and Vmax values for the aniline hydroxylation is assumed to be a responsible factor for the lack of the alterations in Km value in morphine-treated or fasted rats and in the increase in Vmax value in fasted rats (15, 26) .
8. Kinetic studies on the hexobarbital and aniline interaction with P-450 As shown in Fig. 3 , morphine administration decreased the 4ODmax (maximum spectral change) value for the hexobarbital-induced spectral change of P-450 in male rats, while the Ks (spectral dissociation constant) value was increased. On the other hand, the 4ODmax and Ks values for the aniline-induced spectral change were not altered in microsomes from morphine-treated male rats (Fig. 4 and Table 8 ). The 4ODmax value for the hexobarbital-induced spectral change was decreased in fasted male rats, while the Ks value was increased (Fig. 3) . The AODmax value for the aniline-induced spectral change was increased, while the Ks value was not altered (Fig. 4 and Table 8 ).
In further experiments, similar results obtained with the hexobarbital-induced spectral change were observed with the aminopyrine-induced spectral change.
As reported in previous papers (15, 26) , the Ks values for the hexobarbital and amino pyrine-induced spectral changes are higher in female rats than in male and androgen is The absorbance increment between 431 and 500 mP on addition of various concentrations of aniline was calculated from aniline difference spectra. The results are expressed by the absorbance increment in microsomal suspension (one mg protein per ml). assumed to be a responsible factor for the sex difference . The present results, therefore, indicate that the action of androgen to decrease the Ks values for the hexobarbital and aminopyrine-induced spectral changes is impaired by morphine treatment or starvation as well as the 4ODmax values. The androgen independence in the Ks and 4ODmax values for the aniline-induced spectral change is assumed to be a responsible factor for the lack of the alteration in Ks value in morphine-treated or fasted rats and in the increase in 4ODmax value in fasted rats (15, 26).
Effect of morphine administration to castrated and methyltestosterone treated male rats
The effect of morphine administration to castrated and methyltestosterone-treated male rats on the hexobarbital-induced spectral change was investigated in order to deter mine whether the action of morphine is mediated through the impairment of androgen biosynthesis or through a direct action on the androgen-dependent regulating mechanism (4, 26).
As shown in Table 9 , the castration decreased significantly the content of P-450 in liver microsomes, but further significant decrease was not observed by the administration of morphine. The administration of methyltestosterone restored the content of P-450, but the administration of morphine again resulted in a significant decrease as observed in normal rats. These results suggest that the content of P-450 is slightly regulated by androgen (26) and morphine may directly impair the action of androgen.
The hexobarbital-induced spectral change per microsomal protein and per P-450 decreased by castration and increased by methyltestosterone treatment as reported in the previous paper (26) . The administration of morphine to castrated rats did not result in further decrease. The administration of morphine to methyltestosterone-treated cas trated rats again resulted in a marked decrease in the spectral change as observed in control rats. These results suggest that since the magnitude of hexobarbital-induced spectral change per P-450 is regulated by androgen (15, 26) , morphine may directly impair the The rats were castrated 21 days before sacrifice and treated with methyl testosterone (MT, 5 mg/kg, s.c.) for 10 days before sacrifice. Morphine was given subcutaneously 72, 48 and 24 hours before sacrifice at the doses of 30, 35 and 40 mg/kg, respectively.
The results represent means with S.E. from 8 rats. See the legends for Tables  3 and  9 . See the legends for Tables  3 and  9 . action of androgen. Identical results were also obtained with the hydroxylation of hexo barbital (Table 10) . Moreover, similar results observed with the hexobarbital-induced spectral change were obtained with the aminopyrine-induced spectral change (Table 11 ). The alterations of the N-demethylating activity of aminopyrine were similar to those of the hydroxylating activity of hexobarbital.
DISCUSSION
The interaction of substrate with cytochrome P-450 caused the spectral change of liver microsomes and the substrate interaction with P-450 is assumed to be the initial step for the oxidation of drugs (11, 12) . The magnitudes of spectral changes induced by hexo barbital and aminopyrine and the activities of hexobarbital hydroxylation and aminopyrine N-demethylation are regulated by androgen (2, 15, 26) .
In the present studies, it has been shown that the magnitudes of hxobarbital and aminopyrine-induced spectral changes per microsomal protein were decreased in liver microsomes of male rats by the administration of morphine, while in female rats the magni tudes of the spectral changes were not significantly decreased (Tables 3 and 5 ). The magnitudes of hexobarbital and aminopyrine-induced spectral changes per P-450 were also significantly decreased in morphine-treated male rats. These results indicate that the binding capacity of P-450 with the substrates is impaired by morphine treatment. Since activities for hexobabital hydroxylation and aminopyrine N-demethylation were altered by morphine treatment in an identical manner with the magnitudes of the spectral changes, the decreased capacity of P-450 to interact with the substrate is assumed to be a responsible factor for the decrease in the oxidations of drugs. On the other hand, the magnitude of aniline-induced spectral change per microsomal protein was slightly decreased, but the magnitude of the spectral change per P-450 is not affected (Table 4) . These results, therefore, indicate that the binding capacity of P-450 for the substrate is not impaired by morphine treatment. The spectral change induced by aniline belongs to type II spectral change, whereas the spectral changes induced by hexobarbital and aminopyrine belong to the type I (12), therefore, it has been originally supposed that the difference in the effect of morphine may be related to the difference in the type of the spectral change. However, as shown in Table 6 , the spectral change induced by zoxazolamine belongs to the type I (17), but the magnitude of the spectral change is not dependent on androgen and the administration of morphine did not decrease the magnitude of zoxazolamine-induced spectral change per P-450. These results thus suggest that the lack of morphine effect on the binding capacity of P-450 for aniline is not related to the type of the spectral change, but may be related to the independence of the spectral change upon the action of androgen.
Similarly, the magnitude of spectral changes induced by hexobarbital and aminopyrine per P-450 was decreased in liver microsomes from fasted male rats, but not in those from fasted female rats. The magnitude of spectral changes induced by aniline and zoxazol amine per P-450 was not significantly affected by starvation.
The all results, therefore, suggest that the decrease in the capacity of P-450 to interact with hexobarbital and aminopyrine in liver microsomes of male rats may be a responsible factor for the decrease in the activities of hexobarbital hydroxylation and aminopyrine N-demethylation by morphine treatment or starvation.
The kinetic studies on the substrate-induced spectral changes and the oxidation of drugs demonstrated that the Ks values for the spectral change induced by hexobarbital and aminopyrine are increased by morphine treatment or starvation as well as the increases in the Km values for the hexobarbital hydroxylation and aminopyrine N-demethylation . In contrast, the Ks and Km values for the aniline-induced spectral change and aniline hydroxylation in male rats were not significantly affected by mophine treatment or starva tion.
Since the administration of androgen decreases both Ks and Km values for the hexo barbital and aminopyrine (26) , these results indicate that morphine treatment or starva tion impairs the action of androgen on the Ks and Km values as well as on the 4ODmax
and Vmax values.
The lack of morphine effect on further decrease in the magnitude of the spectral changes and the oxidation of drugs in castrated rats and the recovery of the morphine effect in methyltestosterone-treated castrated rats indicated that morphine may directly impair the stimulatory action of androgen on the content of P-450 and the capacity of P-450 to interact with hexobarbital and aminopyrine.
These results give further support for the view that the substrate interaction with P 450 is one of the rate limiting steps for the overall oxidation in liver microsomes (11, 12, 16, 25) .
SUMMARY
The administration of morphine to male rats markedly decreased the magnitude of spectral change induced by hexobarbital and aminopyrine in liver microsomes. The decrease in the binding capacity of cytochrome P-450 for hexobarbital and aminopyrine was assumed to be a responsible factor. With aniline and zoxazolamine the binding capacity of cytochrome P-450 was not significantly affected by the treatment with mor phine. In contrast with male rats, the binding capacity of cytochrome P-450 for hexo barbital and aminopyrine was not affected by the treatment with morphine in female rats. Similar pattern of the alterations in the binding capacity of cytochrome P-450 was ob served in microsomes from fasted rats.
In male rats, castration decreased the binding capacity for hexobarbital and amino pyrine and this was restored by treatment with methyltestosterone. The administration of morphine did not cause a further decrease in the binding capacity in castrated rats, while a clear decrease was caused in the methyltestosterone-treated castrated rats. The Km value for hexobarbital hydroxylation and the Ks (spectral dissociation con stant) value for the hexobarbital-induced spectral change were both increased in micro somes from morphine-treated rats, whereas both values for aniline were not altered.
